TISSUE APPROXIMATION DEVICE 



BACKGROUND OF THE INVENTION 

The present invention is directed to a tissue approximation device that is capable 
of maintaining approximation of a wound without substantial eversion of the edge 
surfaces of the wound and without requiring the physician or health care attendant 
to manually secure the device. 

Prior art tissue approximation devices have been described. For example, U.S. 
Patent No. 6,042,599 discloses a tissue approximation forceps that is particularly 
useful in approximating edge surfaces of a wound where liquid topical adhesive is 
to be used. The forceps described in this reference comprise two leg members 
having grip members with grip surfaces that lie in a common plane. The grip 
surfaces are described as a plurality of parallel longitudinally extending, generally, 
V-shapes projections or sharp projections. This reference discloses that when the 
handle of the forceps is squeezed together, the grip members move towards one 
another in the same plane, in a direction generally parallel to the skin tissue, while 
the grip surfaces engage the skin tissue on opposite sides of the wound, such that 
the opposite edges of the wound are moved together without everting the edge 
surfaces. Specifically, the projections on the grip surfaces are urged into and 
against the skin tissue to approximate the wound and frictionally hold the engaged 
skin tissue. The reference also discloses a ratchet type-locking arm on the handle 
that fits the other handle member when the forceps are in the closed position. 
However, a problem associated with this tissue approximation forceps is that the 
physician must apply a force perpendicular to the skin tissue to maintain contact 
between the gripping surfaces and the skin tissue, in order to maintain 
approximation of the wound. Therefore, this device will not free-up the physician's 
hand. 
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Accordingly, it is desirable to have a tissue approximation device that is capable of 
maintaining approximation of a wound without substantial eversion of the edge 
surfaces of the wound during application and curing of a topical skin closure 
adhesive on a wound, without requiring the physician or health care attendant to 
5 manually secure the device. 

BRIEF SUMMARY OF THE INVENTION 

Described herein is a tissue approximation device that is capable of maintaining 
approximation of a wound without substantial eversion of the edge surfaces of the 

10 wound during application of a topical skin adhesive, an adhesive film or skin 

staples to close a wound, without requiring the physician or health care attendant 
to manually secure the approximation device. In particular, described herein is a 
tissue approximation device comprising two elongate arms, an attachment means 
to secure the two elongate arms to each other, adhesive pads to anchor the tissue 

15 approximation device to the skin, and a locking means to lock the two elongate 
arms in place relative to each other 

In one embodiment, the elongate arms may each have a handle and a tong, such 
as in a pair of parallel forceps. An adhesive pad is on the distal end of each of the 
20 tongs, which may be located on the distal ends of the elongate arms of the parallel 
forceps. Further, the attachment means may be a pair of slidable bosses, while 
the locking means may be a ratchet mechanism on the forceps. 

In another embodiment, an adhesive pad is on the distal end of each of the tongs, 
25 which are located on the distal ends of a pair of forceps. Further, the attachment 
means may be a yoke on the forceps, while the locking means may be a ratchet 
mechanism on the forceps. 

The adhesive pads in either of these embodiments may be of several forms. For 
30 example, the adhesive pad may be fixedly attached to the distal end of each of the 
tongs. The adhesive pad may have a first adhering surface and a second surface 
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having a socket mechanism that communicates with a ball on the distal end of 
each of the tongs, and the adhesive pad is optionally rotatable around the ball. 
Alternatively, the second surface of the adhesive pad may have a ball and the 
distal end of each of the tongs may have a socket mechanism. Alternatively, the 
5 adhesive pads may have a first adhering surface and a second surface having 
female receiving mechanism that communicates with a male protrusion on the 
distal end of each of the tongs; or the adhesive pad may have a first adhering 
surface and a second surface having a male protruding mechanism that 
communicates with a female receiving mechanism on the distal end of each of the 
10 tongs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is representative of one embodiment of the present invention, where the 
adhesive pad is on the distal end of each of the tongs, which are located on the 
15 distal ends of a pair of parallel forceps. 

Figure 2 is an exploded view of an attachment means and the adhesive pads on 
the embodiment shown in Figure 1 . 

20 Figure 3 is a section view through Figure 1 illustrating a locking means shown in 
the embodiment of Figure 1 . 

Figure 4 is a partial section view of the distal end of the tong and the adhesive 
pads. 

25 

Figure 5 depicts an embodiment of the adhesive pad. 

Figure 6 is representative of a forceps embodiment of the approximation device, 
where the adhesive pad is on the distal end of each of the tongs. 

30 



Figures 7 and 8 depict various embodiments of the adhesive pads, 
ETH5092 3 



Figure 9 is an exploded view of the adhesive pad. 
Figure 10 depicts an embodiment of the adhesive pad. 

5 

Figure 1 1 depicts how the tissue approximation device would be utilized. 
DETAILED DESCRIPTION OF THE INVENTION 

The tissue approximation device of the present invention approximates a wound 
10 without substantially everting the edge surfaces of the wound during application of 
a topical skin adhesive, an adhesive film or skin staples to close a wound. 

The tissue approximation device may be made of any shape to accommodate the 
adhesive pad described below. In general, the device may have a pair of elongate 

15 arms that are interconnected and substantially similar to each other, each may 
have a handle and a tong, the tong portion being located on the distal end of the 
elongate arm. The attachment means of the tissue approximation device hold the 
pair of elongate arms in a position relative to each other. As an example, the 
tissue approximation device may be either the parallel forceps as shown in Figure 

20 1 or the forceps as shown in Figure 6. Such forceps may be constructed of any 
material including metal or plastic compositions. 

As discussed above, the tissue approximation device may be a pair of forceps 
where the tongs accommodate the adhesive pad. The adhesive pad may be pre- 

25 assembled, or may be fixedly attached to or detachable from the distal end of each 
of the tongs. The adhesive pads may have a first adhering surface and a second 
surface having a socket mechanism that communicates with a ball on the distal 
end of each of the tongs, and the adhesive pad is optionally rotatable around the 
ball; or the second surface of the adhesive pad may have a ball that 

30 communicates with a socket assembly on the distal end of each of the tongs as 
shown in Figures 7 and 8. Alternatively, the adhesive pad may have a first 
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adhering surface and a second surface having a female receiving mechanism that 
communicates with a male protrusion on the distal end of each of the tongs; or the 
adhesive pad may have a first adhering surface and a second surface having a 
male protruding mechanism that communicates with a female receiving 
5 mechanism on the distal end of each of the tongs. The adhesive pads may be 
made to have a surface having a ball/socket mechanism or a female/male 
mechanisms by injection molding, stamping and rolling, or by a combination of 
extrusion and rolling or other suitable means. For example, a part having a first 
flat surface and a second surface having the ball or socket mechanism or the 

10 female or male mechanism may be made by injection molding plastic; followed by 
coating the first flat surface of the part with an adhesive material to form the 
adhesive pad. Alternatively, the adhesive pad may have a first adhering surface 
and a passageway therein such that a longitudinal edge of the distal end or the 
distal end itself of each of the tongs communicates with said passageway as 

15 shown in Figures 1 and 9. The adhesive pads may be made to have such a 
passageway by injection molding or extruding plastic into a part having a first 
surface, a second surface and the passageway; followed by coating the first 
surface of the part with an adhesive material to form the adhesive pad. If the 
approximation device is intended to be used during application of a topical skin 

20 adhesive, the adhesive pads may be made from any material that has relatively 
low bondability to the skin adhesive, including but not limited to polyolefins. 

The adhesive pads are specifically designed such that the adhering surface has 
high shear resistance to hold the skin tissue adjacent to the approximating wound 

25 and low peel resistance for easy removal from the skin tissue after the topical 
wound adhesive has cured. The adhesive surface may be formed from one or 
more adhesive materials selected from the group consisting of polymeric acrylics, 
polyisobutylene, polyurethane, polymeric silicone and copolymers of these 
materials. The thickness of the adhesive may be about 0.0015 to about 0.005 

30 inches and may be applied directly to the adhesive pad or to both sides of a 
polyethylene foam substrate having a total thickness of between about 0.025 
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inches and 0.075 inches, which in turn is attached to the adhesive pad. The 
preferred adhesive has a peel strength between about 50 and 150 oz/in when 
tested according to PSTC Method # 1 Mod./180°. 

5 Additionally, the tissue approximation device has locking means to lock the two 
elongate arms described above in a fixed position relative to each other. For 
example, the locking means may be a ratchet mechanism having a ratchet catch 
and a ratchet arm with a plurality of ratchet teeth, as shown in Figure 3. 
Alternatively, the ratchet catch may be an indentation or cutout on the handle of 
10 one elongate arm that fits into ratchet teeth of a ratchet arm attached to the handle 
of the other elongate arm. Alternatively, ratchet teeth of a ratchet arm attached to 
the handle of one of the elongate arms may catch the edge of the handle of the 
other elongate arm, thereby locking the elongate arms in a fixed position relative to 
each other. 

15 

In the embodiment shown in Figure 1 , the tissue approximation device is shown 
and designated generally by the numeral 200. The approximation device 200 has 
a rigid elongate arm 212, which is interconnected with and substantially similar to 
a rigid elongate arm 214. Elongate arms 212 and 214 may be of one-piece 
20 construction and each may have a handle 212a and 214a and tong 212b and 
214b. Tongs 212b and 214b may removeably hold adhesive pads 230 and 240. 

. Referring to Figure 4 the adhesive pads 230 and 240 may be pre-assembled, or 
may be fixedly attached to or removable from the distal end of each of the tongs. 

25 Tongs 212b and 214b may contain a cylindrical shape 235 and taper portion 236 
for receiving and removeably holding adhesive pads 230 and 240. The tongs and 
adhesive pads interface may be designed to allow the adhesive pads to pivot 
about the cylindrical shape thus allowing the adhesive pads to conform to various 
anatomical structures such as a wrist or back. In this embodiment when 

30 positioning adhesive pads 230, 240 onto handles 212a, 214a (which are shown in 
Figure 1), applying an axial force to adhesive pads 230, 240 towards handles 212a 
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and 214a creates a slight interference fit between the taper 236 outside diameter 
and inside diameter (through hole 231 ) of the adhesive pads 230 and 240. This 
interference fit aids in the alignment of the adhesive pads 230 and 240 with the 
anatomical structure and prevent the adhesive pads from flopping around during 
5 wound application. As shown in Figures 4 and 5 adhesive pads 230 and 240 have 
a through hole 231 that match the cylindrical shape 235. At the proximal end of 
taper 236 there may be an adhesive pad stop 237, which limits the traverse motion 
of the adhesive pads during assembly and use. The adhesive pads 230 and 240 
have a first adhering surface 232 and a second surface that may have a serrated 
10 feature 233 to increase flexibility of the adhesive pads to further conform to various 
anatomical structures. The adhesive pads 230 and 240 have a release paper 234 
that would be stripped off from the adhesive pads to expose the pressure sensitive 
adhering surface 232. 

15 Elongate arms 212 and 214 are on the same plane and movably connected to 
each other for example by bosses 215 and 219 as shown in Figure 2. The 
outside diameter of boss 219 is slightly smaller than the inside diameter of boss 

215 allowing elongate arms 212, 214 move in a parallel motion. Bosses 215 and 
219 may engage in such a way to limit outward travel of elongate arms 212 and 

20 214. For example, boss 219 contains at least one slot 246 that allows at least one 
ratchet tooth 247 to flex inward upon assembly with boss 215. Boss 215 may 
contain a receiving slot 248 that connectively receives single ratchet tooth 247 of 
boss 219. For example, the bosses in this embodiment may be both the 
attachment means and the locking means. 

25 

Ratcheting mechanism 224 shown in Figure 3 may comprise a flexible ratchet arm 
226 pivotally connected at yoke 216 and mounted on first elongate arm 212. Yoke 

216 may be made of a stainless steel threaded fastener or pin. Ratcheting 
mechanism 224 may secondly comprise a ratchet catch 228 rigidly mounted on 

30 second elongate arm 214, with ratchet arm 226 and ratchet catch 228 in engaging 
relationship. More particularly, ratchet arm 226 and ratchet catch 228 engage 
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each other so as to prevent elongate arms 212 and 214 from separating until such 
time as an operator depresses the ratchet release lever 225 in order to lift ratchet 
arm 226 away from ratchet catch 228. Ratcheting mechanism 224 prevents first 
and second tongs 212b, 214b from inadvertently separating from each other. 
5 Ratchet arm 226 comprises a plurality of individual ratchet teeth against which 
ratchet catch 228 engage. As is well known, successive ratchet teeth are 
separated from each other by a substantially fixed linear distance and ratchet 
catch 228 can only engage ratchet arm 226 at a number of positions roughly equal 
to the number of individual ratchet teeth. Ratchet arm 226 may contain an 

10 integrally connected leaf spring 227 that applies a load in the counterclockwise 
direction and whose motion is limited by ratchet catch 228. The load applied by 
leaf spring 227 in this direction enables the ratchet arm 226 to continuously 
engage the ratchet catch 228. Ratchet mechanism 224 is designed such that 
when the ratchet catch 228 is engaged with the first ratchet tooth of ratchet arm 

15 226, the tissue approximation is defined herein as being in a closed position, and 
tongs 212b and 214b remain parallel to each other and are non-contiguous such 
that the distance between the distal end of tongs 212 b and 214b allows access to 
the wound for application of a permanent wound closure means. 

20 As shown in Figure 1 , handles 212a and 214a are moved toward each other by 
compressing compression springs 223 which have a spring rate adequate enough 
to overcome frictional forces between bosses 215, 219 and secure ratchet arm 
226 and ratchet catch 228 in engaging relationship. Compression springs 223 
may be located on the outside or inside of bosses 215, 219. 

25 

In the embodiment shown in Figure 6, the tissue approximation device is shown 
and designated generally by the numeral 100. The approximation forceps 100 
have a flexible elongate arm 112, which is interconnected with and substantially 
similar to a flexible elongate arm 1 14. Elongate arms 112 and 1 14 each has a 
30 handle 112a and 114a and tong 112b and 114b and may be pivotally connected at 
attachment means, yoke 116. First and second elongate arms 1 12, 1 14 are 
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pivoted in a scissors fashion. Handles 1 12a and 1 14a lie on the same plane and 
have at a proximal end thereof finger grips 118 and 120. 

The tongs and adhesive pads interface may be designed to pivot multi- 
directionally by means of a ball and socket mechanism shown in Figures 7 and 8 
thus allowing the adhesive pads to conform to various anatomical structures such 
as a wrist or back. In addition this embodiment provides a means of rotating the 
adhesive pads with ball and socket 139, 141 to cooperate with yoke 116 allowing 
adhesive pads 1 30 and 140 to remain parallel to each other during wound 
approximation. The multi-directional pivoting motion can be limited by changing 
the distance from the center point of the ball 131 to surface 133 of adhesive pads 
140 or 1 30 so rotation of the adhesive pads are more parallel to tongs 1 12b and 
1 14b still allowing adhesive pads 130 and 140 to remain parallel to each other 
during wound approximation. The ball and socket 139, 141 design includes a 
slight interference fit allowing the alignment of adhesive pads 130 and 140 with the 
target anatomical structure and preventing the adhesive pads from flopping around 
during alignment and application. Preferably, adhesive pads 130, 140 remain 
parallel to each other and are non-contiguous such that the distance between the 
adhesive pads 130, 140 allows access to the wound for application of a permanent 
wound closure means. 

As shown in Figures 7 and 8, tongs 112b and 1 14b include a recess 1 17, 119 that 
allows flex arm 121, 122 to deflect when ball 131, 141 of adhesive pad 130, 140 is 
installed into socket recess 138, 139. The adhesive pads 130 and 140 have a first 
adhering surface 132 and a second surface having a release paper 144 that would 
be stripped off from the adhesive pads to expose the pressure sensitive adhering 
surface 132. When adhesive pad 140 or 130 the ball 131 are offset from the 
centerline of surface 133 as shown in Figure 8, clearance between the tongs is 
increased and tissue eversion may be controlled during approximation. 
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As shown in Figure 6, immediately distal of finger grips 1 18, 120 is a ratcheting 
mechanism 124. Ratcheting mechanism 124 comprises a ratchet arm 126 
mounted on first elongate arm 1 12 and a ratchet catch 128 mounted on second 
elongate arm 1 14, with ratchet arm 126 and ratchet catch 128 in engaging 

5 relationship. More particularly, ratchet arm 126 and ratchet catch 128 engage each 
other so as to prevent finger grips 1 18, 120 from separating until such time as an 
operator applies a twisting movement in order to lift ratchet catch 128 away from 
ratchet arm 126. Ratcheting mechanism 124 prevents first and second tongs 
1 12b, 1 14b from inadvertently separating from each other. Ratchet arm 126 

10 comprises a plurality of individual ratchet teeth against which ratchet catch 128 
engage. As is well known, successive ratchet teeth are separated from each other 
by a substantially fixed linear distance and ratchet catch 128 can only engage 
ratchet arm 126 at a number of positions roughly equal to the number of individual 
ratchet teeth. Ratchet mechanism 124 is designed such that when the first ratchet 

15 catch is engaged with ratchet arm 126, the tissue approximation is defined herein 
as being in a closed position and the distance between the distal end of tongs 1 12 
b and 1 14b allows access to the wound for application of a permanent wound 
closure means. 

20 The tissue approximation device described in Figure 6 may be made by injection 
molding plastic and utilizing a yoke pin of metal that is adequately secured by 
threads, rivet or bonding. The forceps may also be made of stainless steel, in 
which case the pivot is fixedly inserted into first arm 1 12 and through which 
second arm 1 14 passing in a manner well known in the art of forceps making. 

25 

Referring now to Figure 9, the tissue approximation device shown and designated 
generally by the numeral 10 is similar to the device shown and depicted in Figure 
6, except that tongs 12b and 14b have a taper for receiving and removeably 
holding adhesive pads 30 and 40. Specifically, adhesive pads 30 and 40 have a 
30 tapered hole 31 and 41 that match the taper of tongs 12b and 14b. In this 

embodiment applying an axial force to adhesive pads 30 and 40 toward handles 
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12a and 14a creates an interference fit between the tongs 12b, 14b outside 
diameter and inside diameter of the adhesive pads 30 and 40 to aid in the 
alignment of the adhesive pads 30 and 40 with the anatomical structure and to 
prevent the adhesive pads from flopping around during wound application. In 
5 Figure 10, adhesive pads 30 and 40 have a first adhering surface 32 and a second 
surface having a serrated feature 33 to increase flexibility of the adhesive pads to 
further conform to various anatomical structures. The adhesive pads 30 and 40 
have a release paper 34 that would be stripped off from the adhesive pads to 
expose the pressure sensitive adhering surface 32. 

10 

As an example, the tissue approximation device may be used in the following 
manner as depicted in Figure 1 1 . The release paper would be stripped off from 
the pressure sensitive adhesive pads 130, 140 to expose the adhering surface 
having the pressure sensitive adhesive. The adhesive pads 130, 140 may be 

15 either pre-assembled on the tongs 1 12b, 1 14b of the forceps 100 or attached to 
the tongs after the adhesive pads 130, 140 are positioned onto the skin tissue 4 on 
the opposed sides of a wound 5, i.e., straddling the wound. A light pressure would 
then be used to secure the adhesive pads 130, 140 to the skin tissue 4. The 
physician would then approximate the wound 5 by actuating the forceps 100 in a 

20 direction to move the adhesive pads 130, 140 towards each other in a common 
plane that is generally parallel to the skin tissue 4, and engaging the ratchet 
mechanism 124 to assure that the edges surfaces of the wound 5 do not move 
while the wound closure means is applied to the wound 5. Specifically, when the 
forceps 100 is in an actuated mode, the adhesive pads 130, 140 align to form a 

25 gap 8 between the adhesive pads 130, 140 to allow for the application of the 
wound closure means to the wound 5. With the tissue approximation device of 
the present invention, a wound may be approximated without substantially everting 
the edge surfaces of the wound, during application of the wound closure means. 
After the wound closure means has been applied, the tongs 1 12b, 1 14b may be 

30 removed from the adhesive pads 130, 140, if detachable, followed by removal of 
the adhesive pads 130, 140 from the skin tissue 4. Alternatively, adhesive pads 
ETH5092 1 1 



130, 140 may be removed from skin tissue 4 while still attached to tongs 122b, 
1 14b. Adhesive pads 130, 140 are specifically designed to have high shear 
resistance to hold maintain approximation of the wound 5, but low peel resistance 
for easy removal from the skin tissue 4 once the wound closure means has been 
5 applied. 
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